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Souvislosti

* 2002 — zaloZeni UBMI CVUT a pfiprava akreditace BMKT
e 2002 — CDROM - Understanding MRI

e 2003 — zahajeni vyuky na UBMI CVUT

e 2004 — CDROM - The Animated Physics of MRI

* 2005 — zalozeni FBMI CVUT vé. knihovny

* 2005 a dale — budovani laboratori

« 2008 — dokument Nazi a7 na kost (CT)

e 2009 — Terranova MRI, Magritek

e 2011 — reakreditace vCetné vyuky v AJ a v KFS

e 2011 — exkurze v Némecku (MDC Berlin)

e 2013 — vyukova sestava RF Coil Kit (Birdcage, Loop)

e 2015 - How it's made MRI scanner (video z vyroby)

e 2015 - MRI simulator

e 2018 — rekonstrukce, nova laborator, open MRI| Esaote



CDROM Understanding MRI (SW)

* 2001 (feSilo se nékolik let od prvni reklamy),

* také soucasti vydani casopisu Field Strength (July
2001)

* ve své dobe ojedinéely pocin,
* velmi nazorné zpracovano,

* vyrazna vyhoda v moznosti spusténi CDROMu
nezavisle na verzi OS Windows (i v soucasné dobé),

* [ze vyuzit jak pro vyuku, tak i pro samostudium,
* vyvhodou je také AJ.



CDROM Understanding MRI (SW)

magnetic resonance

Janssen, K., Rinck, P.A., Rodenburg, A.:

Pt
fi Understanding MRI

An interactive guide
to MRI principles
and applications

PHILIPS

Understanding MRI. Philips Medical Systems Nederland B.V., 2001, Nederland.



What is MR?
Introduction
Magnetic nuclei
Larmor precession
Magnetic resonance
Net magnetization
The MR signal

The RF pulse

Relaxation
Introduction
T2 relaxation
T1 relaxation
Image contrast

Image formation
Introduction

Image pixels

Slice selection
Spatial encoding

K-space basics
Introduction

What is k-space?
K-space properties

Velume scanning
Introduction
Multi-slice scans
Volume scans
Muiti-slice versus 3D

MR instrumentation
Intera

System layout
Magnets

Magnetic shielding
Gradients

RF system and coils

Quiz

IMAGE QUALITY

Imaging objectives
Introduction

Contrast
Introduction
Origin of contrast
Spin echo
Gradient echo
Contrast and flow
MTC

Signal-to-noise
Introduction
Voxel size
Hardware

Pulse sequences
NSA

3D imaging
Halfscan

rFOV

Reduced acquisition
\Water fat shift

Spatial resolution
Introduction

Slice thickness
Matrix size

FOV

Reduced acquisition

Scan time
Introduction

Matrix size

Pulse sequences
NSA

3D imaging
Halfscan

rFOV

Reduced acquisition

Artifacts
Introduction
Patient motion
Respiratory motion
Cardiac motion
Flow artifacts
Fold-over artifacts
Inhomogeneity

Fat artifacts
Introduction

Water fat shift
Water fat dephasing
STIR

SPIR

Contrast agents
Introduction
Mechanism of action
Applications CNS
Dynamic uptake
New developments

Quiz

CDROM Understanding MRI (SW

BASIC PRINCIPLES

-

Janssen, K., Rinck, P.A., Rodenburg, A.: Understanding MRI. Philips Medical Systems Nederland B.V., 2001, Nederland.



Spin echo
Introduction
Pulse sequence
Image appearance

Turbo spin echo
Introduction
Pulse sequence
Image appearance

Inversion recovery
Introduction

Pulse sequence
Image appearance

Fast field echo
Introduction
Pulse sequence
Image appearance

Turbo field echo
Introduction

Pulse sequence
Image appearance

EPI

Introduction
Pulse sequence
Image appearance

GRASE
Introduction
Pulse sequence
Image appearance

Janssen, K., Rinck, P.A., Rodenburg, A.: Understanding MRI

General issues
Introduction
Comparisons
K-space pathways

Quiz

e o

CDROM Understanding MRI (SW

PULSE SEQUENCES

PRACTICAL IMAGING

Scan modes
Sella
Liver

Types of contrast
Brain

Knee

Spine

Abdomen

Pulse sequences
SEw.TSE

SEv.IR & IR-TSE
SE v.FFE & TFE

SE & TSE v. GRASE
FFE v. EPI

Sequence parameters
Spin echo

Turbo spin echo
Inversion recovery

Fast field echo

Turbo filed echo

Echo planar imaging
GRASE

Image quality
Signal-to-noise ratio
Spatial resolution
Scan time

Artifacts
Respiratory motion
Cardiac motion
Flow

Fold-over
Susceptibility

Fat artifacts
Water fat shift
\Water fat dephasing

Contrast agents
Pre and post contrast
Dynamic uptake

. Philips Medical Systems Nederland B.V., 2001, Nederland.



CDROM The Animated Physics of
MRI (SW)

* soubor animaci s komentarem z realizovanych
prednasek,

* bez zvukového doprovodu,

 velmi nazorné animace (viz ukazka 3 animaci),

* CDROM lze spustit bez omezeni verze OS Win,

* po spusteni Ize ovladat postupnou vizualizaci
statickych snimku a animaci v logickém sledu,

* vyvhodou je moznost samostatného pouziti animaci
bez vlastniho CD.



CDROM The Animated Physics of
MRI (SW)

The Animated Physics of MRI

D.B. Plewes
B.T. Plewes
W. Kucharczyk

Departments of
Medical Biophysics
and Medical Imaging
University of Toronto

-
Video Window

,_-
-
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. /" Video Controls / N Help Screen \
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Plewes, D.B., Plewes, B., Kucharczyk, W.: The Animated Physics of MRI. Plewes Consulting, 2003, Canada. [CDROM]



CDROM The Animated Physics of
MRI (SW) -

Basic NMR Physics

Magnetization
Resonance

Excitation and detection
Rotating frame
Dephasing

T1 & T2 Relaxation

MR Physics

Fundaments of Proton MR Physics

MR Image Formation

I DOl e

MR Imaging

Image structure

Fourier representation
Magnetic field gradients
Moving through K-space
Collecting K-space data
MRI sequence summary

Plewes, D.B., Plewes, B., Kucharczyk, W.: The Animated Physics of MRI. Plewes Consulting, 2003, Canada. [CDROM]



Dokument , Nazi az na kost“

- plvodni americky dokument Naked to the Bone, 1997

- podle predlohy knihy Bettyann Holtzmann Kevles:
Naked to the Bone,

- dokument CT, ¢esky komentaf¥, 21.1.2008

...Zadné jiné technologie nemély v historii mediciny tak velky
dopad. Zadné jiné neodhalily tolik rGznych tajemstvi naeho

téla. Zaddné jiné ndm neumoznily, abychom sami sebe vidéli,

jak vypadame — nazi az na kost.

https://www.ceskatelevize.cz/porady/10099291918-nazi-az-na-kost/20638253472/
https://www.imdb.com/title/tt0325883/
https://www.amazon.com/Naked-Bone-Medical-Imaging-Twentieth/dp/020132833X




Terranova MRI, Magritek (HW)

https://www.magritek.com/



Terranova MRI, Magritek
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MRI, Phywe (HW) ﬂ

* problematické zkusenosti s vyukovym HW
Terranova MRI, Magritek (400 tis. KC),

* vyukovy HW MRI, Phywe (1 200 tis. Kc),
* jina, vhodnejsi koncepce pro vyuku,

e zatim pouze snaha o ziskani v ramci ruznych
projektu,

e vwvhodou moznost ziskani a prostudovani kompletni
sady manuadll predem,

e https://www.phywe.com/en/magnetic-resonance-
imaging-mri-ii.html

https://www.phywe.com/



Educational RF Coil Kit (HW)

 zakladni myslenka — pripravit laboratorni cviceni s
vyuzitim realnych soucastek, navrhem, mérenim a
realizaci civek odpovidajici realnym podminkam,

* dvé sady (kufriky s kompletni vybavou) — birdcage,
loop, navody jak v CJ, tak i v AJ,

* vytvoreno ve spolupraci s MRI.TOOLS GmbH,

* velmi dobré zkusenosti z vyuky,

e zameérne realizujeme vzdy vsechny prednasky v
prvni poloviné semestru, ve druhé poloviné pak
nasleduji vsechna cviceni

https://predmety.fomi.cvut.cz/cs/17pmbzmr




Educational RF Coil Kit — Birdcage (HW

innovations for medical imaging

L MRI.TOOLS GmbH

A
Obsah
1 Uved 3
2 Symboly 3
3 Obecné bezpetnostni pokyny 3
4 Soufasti modulu 4
5 Mutné technicke wyhb &
6  Zékladniinformace 8
6.1  CojeRF civka? 8
6.2 Coje klecova RF civka? 8
6.3 Cod&ld sitowy ator? 8
7 miniVNA sitovy analyzator — zakladni informace ]
71 Instalace softwaru pro 10
7.2 Kalibrace sitovén Iz iniVMA 11
73 Ui i 13
B Konstrukce klecové RF civky typu dolni propust. 15
8.1 Dispozice RF civky 15
82  RFstinéni 17
9 Konstrukce klecové RF civky typu horni propust 18
9.1 Dispozice RF civky 18
9.2 RF stin&ni 20
93 Pfizplisobeni sité 21
10 Udriba 22
10.1  Doplnéni komponentd 22
11 Jste zaujati konstrukd RF civek? 22

https://predmety.fbmi.cvut.cz/cs/17pmbzmr




Educational RF Coil Kit — birdcage -
sestava (HW)

g

https://predmety.fbmi.cvut.cz/cs/17pmbzmr




Educ. RF Coil Kit — birdcage - (HW)
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https://predmety.fomi.cvut.cz/cs/17pmbzmr




ucational RF Coil Kit - (SW

Format prvni kFivky Format druhé kFivky

Nastaveni frekvencniho rozsahu
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Educational RF Coil Kit - Loop (HW

a |muﬁalt:;rn(5)f9 an§d|c(jI Hn‘al:inHE

https:

predmety.fbmi.cvut.cz/cs/17pmbzmr

Obsah
1 Uved 3
2 Symbaly 3
3 Obecné bezpetnostni pokyny 3
4 Souiasti modulu 4
5 Mutné technické vyb &
6 Zakladni informace 8
6.1  Coje RF civka? 8
6.2  Cod&l sitovy ator? 8
7 miniVNA sitovy analyzator — zékladni infi e ]
71 Instalace softwaru pro 10
7.2 Kaliorace sitového yza minivVNA 11
73 Udi i 13
B Zikladni experiment — konstrukce j hé RF civiky 15
8.1 Dispozice RF civky 15
8.2 Ladéni RF civky 16
8.3  Pfizplsobeni sité 18
9 Pokrogily experiment #1 — Oddéleni 20
9.1 Coupling RF civek 20
91 G ické odd&leni 21
9.3 Odd&leni prekrytim 21
10 Pokrofily experiment #2 — Ménéni kapacity 22
11 Pokroéily experiment #3 — Zména indukénosti 23
12 Udriba 25
12.1  Doplnéni komponenti 25
13 Jste zaujati konstrukci RF civek? 25




Educational RF Coil Kit — loop -
sestava (HW)

miniVNA




Educ. RF Coil Kit —loop - (HW)
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How it's made MRI scanner
(vyukove video)
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MRI simulator

PATIENT INFORMATION PATIENT POSITION AUTOVIEW
Brain Coil -

IMAGING PARAMETERS

e
T2 Gradient Eche

SCAN TIMING ACQUISITION TIMING

256.0 ||

128.0 ||

.
Sagittal T1

L -
Axial T2 FSE -
Axial Flair

SCANNING RANGE

Axial T1
Axial DWI

Coronal T2 GRE

Pfevzato z instalace a licence zakoupené CVUT FBMI (http://www.iacionline.com/simulators.da )




Esaote E-scan XQ
The Open E-MRI

Shoulder coronal image

Turbo Spin Echo
TR=1370 ms
TE=50 ms

Thickness=4,5 mm

Knee transverse image Elbow sagittal image

3D Contrast Enhanced Gradient Echo
TR=34 ms TR=540 ms
TE=30 ms TE=20 ms

Thickness=2.2 mm Thickness=4 mm

Ankle transverse image Wrist coronal image

Turbo Multi Echo, Second Echo Spin EchoT1
TR=3080 ms TR=540 ms
TE=90 ms TE=24 ms

Thickness=5 mm Thickness=3.5 mm

Prevzato z uzivatelské dokumentace Esaote E-scan XQ



Pomucky a informacni zdroje

* kniha LEE, Vivian S. Cardiovascular MRI: physical
principles to practical protocols. llustrovala
Martha HELMERS. Philadelphia: Lippincott
Williams & Wilkins, 2006. ISBN 0-7817-7996-0.

(velmi nazorné)

 www stranka (The Translational Neuroimaging
Laboratory, kurz — 56 ¢asti — video soubory)
http://www.einstein.yu.edu/labs/michael-
lipton/education-training/introducing-mri/




Pomucky a informacni zdroje
(velmi nazorné, dostupné na www)

, # ~ 4
Magnets, Spins, and Resonances Magnets, Flows, and Artifacts
An introduction to the basics of . . -
g Basics, Techniques, and Applications
Mag netic Resonance of Magnetic Resonance Tomography

SIEMENS SIEMENS

medical medical



Pomucky a informacni zdroje
(velmi aktualni a prehledné)

IMAGING TECHNOLOGY NEWS
https://www.itnonline.com/ - véetné moznosti porovnani

parametru

MAGAZINE ~ / VIDEO ~ / WEBINARS / COMPARISON CHARTS / BUYER'SGUIDE / BLOGS ~ / EVENTS / 360 PHOTOS / PODCASTS / CASE STUDIES
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7T MRI Offers New Insights Into Multiple Sclerosis

November 13, 2019 — Increased immune system activity along the surface of the brain, or meningeal
inflammation. mav be important for understanding how multiple sclerosis (MS) progresses from the



